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1.0 INTRODUCTION

This report presents a summary of Avco Everett Research Labora-
tory, Inc. (AERL) efforts under the Defense Advanced Research Projects
Agency (DARPA) Maui Optical Station (AMOS) Phase III contract, F04701-
75-C-0047. The duration of this contract extended from 1 November 1974
to 31 December 1977. The initial two months were devoted to an orderly
transition of site activities from the previous contractor to AERL. For the
remaining 36 months AERL was the sole contractor at AMOS, responsible
for conducting operations and measurement programs along with an overlay
of research and development activity.

This final report for AMOS Phase IlII reviews goals and accomplish-
ments in the major areas of program activity. The report is provided in
two volumes, this unclassified one and a second which is classified secret.
The second volume presents discussion of measurement and test activities
whose objectives and/or results are classified. It also includes an appendix
which lists all missions supported by AMOS in 1977. "

This volume is organized in six sections. Within each section each
major topic begins with a summary of objectives and accomplishments in
the subject area. Detailed discussion of the activities then follows.

After this Introduction, which includes an overview of background
and objectives, Section 2.0 details the system development efforts. Sub-
sections treat each major system, i.e., 1.2-m telescope, 1.6-m telescope,
laser beam director, computer, etc.

Section 3.0 describes the Measurement Program while 4. 0 adds
discussion of Data Systems and the processing of the data product resulting
from measurements.

Section 5. 0 summarizes activities in Special Programs Support.
This important area includes on-going large system support, special tests
and evaluation and visiting experiments.

Finally, Section 6.0 covers Program Support and Controls, the more
routine operacing and administrative functions.

#Miuion uupgort listings for previous years appear in prior Annual
Reports. (lp )



1.1 BACKGROUND/HISTORY

The chronology of AMOS is readily separable into distinct phases,
which correspond to contractual periods, each having particular goals.
AMOS was conceived by DARPA in the early sixties and was intended to be
a ballistic missile mid-course optical measurement site. The design and
construction (Phase 1) contractor was the University of Michigan who func-
tionea under the direct technical review of DARPA.

In mid-1969 the site achieved operational capability. At that time
DARPA asked the Air Force Space and Missile Systems Organization (SAMSO)
Deputy for Reentry Systems to assume responsibility for AMOS as executive
agent for DARPA. Phase II contracts were let to Lockheed Missile and Space
Company (LMSC) for site operation and maintenance and to Avco Everett
Research Laboratory, Inc. (AERL) for scientific direction. This phase was
designated as research and development operations. Overall capabilities
were assessed during this period and resulting developments were aimed
toward the goal of providing a more space oriented role for AMOS. As this
role developed, in early 1974, the program responsibility was transferred
from the SAMSO Deputy for Reentry Systems to the Deputy for Technology.

Beginning in January 1975 AERL became the sole contractor for AMOS,
under Phase II{ of the program. with responsibility for efforts oriented more
toward routine operations with an R&D overlay.

In late 1974 Air Force System Command and Aerospace Defense Com-
mand had evaluated AMOS capabilities and determined that a portion of the
site, the 1. 2-m telescope system, would be a valuable adjunct to the SPACE-
TRACK network. Thus, plans were made by DARPA to develop this system
to a routine operational capability for transition to the Air Force. At the
same time, DARPA had begun certain development efforts which were des-
tined for installation and evaluation at AMOS utilizing the 1. 6-m telescope
and laser beam director systems. The AERL Phase 11l contract, therefore,
covered operation of the entire site for the first 18 months and the site minus
the 1. 2-m telescope systems for the second 18 months. it was anticipated
that the Air Force would contract separately fcr the 1. 2-m work starting in
July 1976.

The large systems under development by DARPA intended for AMOS
were being directed by the Air Force Systems Command, Rome Air Develop-
ment Center (RADC). RADC also had experience with transitioning system
capabilities to operational Air Force use. Therefore, in early 1976, AMOS
program responsibilities were transferred from SAMSO to RADC.

In June of 1976 it was determined that the transition program had not
been defined sufficiently to warrant separate Air Force contracting for the
1. 2-m telescope system ecfforts. Instead, an Air Force sponsored definition
phase cffort, which lasted 13 months, was amended to the AMOS Phase 111
program,

-2-
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In August of 1977 the MOTIF (Maui Optical Trackirg and ldentifica-
tion Facility) Transition Contract was effected and, for the last 5 months of
the Phase 11l contract, the site was operated under joint contractual tenancy.

This Phase 1II Final Report, therefore, covers 18 months of solely
DARPA oriented efforts, 13 months of joint DARPA responsibility and Air
Force MOTIF Definition Phase effort, and the final 5 months of reduced
DARPA-only activity.

1.2 OBJECTIVES

AMOS represents a unique state-of-the-art optical facility which has
continuously evolved to meet changing DARPA goals. During Phase III the
goals for AMOS can be classified as more "end use' oriented - that is,
activities were directed toward achieving specific capabilities for applica-
tions which are currently envisioned as being the ultimate uses of individual
AMOS systems.

While further DARPA research activities are planned for some of
the AMOS systems, no major on-going efforts have been identified for the
1. 2-m telescope system. This capability, therefore, became candidate
for transition to a user agency. This transition is in compliance with
DARPA's objective of developing a technelogy to maturity for use by other
DoD organizations. The Phase 1l activities for the 1. 2-m system were
therefore directed toward providing a stable and controlled configuration
capable of providing routine measurement support to the Space Object Iden-
tification (SOI) community. Certain system upgrades and completion of
sensor development efforts were necessary before the transition could begin.
These tasks, reported individually in Section 2. 0 below, were performed
during the first 18 months of Phase III.

The 1. 6-m teleecope is to be the test bed for the Compensated
Imaging System (CIS) which is under separate development by DARPA.
The Phase 11l efforts for this system were therefore directed toward de-
veloping, evaluating, and characterizing all aspects of 1. 6-m telescope
operation for this future use. Attendant activities, such as Atmospheric
Characterization as well as in-house and vigiting experimenta which used
the system, have contributed to fully qualifying and preparing AMOS for
the CIS. These activities are discussed in detail in Sections 2.0 and 5.0
below.

The laser beam director system completed initial development early
in Phase 1II. The DARFA programs which were anticipated to use the sys-
tem did not immedii:tely materialize, however. The system remained
dormant, therefore, until the final few months of Phase 11I. At that time
reactivation of the system, completion of ranging system development, and
full calibration and characterization of system potential were undertakzan
for aa on-going DARPA application. The initial development work is de-
scribed in Section 2. 0 while the more recent efforts are included in Section
5.0 below.

-3-
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Throughout Phase III, which is generally characterized as a period
of routine operations with an R&D overlay, numerous measurement irequire-
ments existed. AMOS capabilities in state-of-the-art optical measurement
support were readily related to measurement objectives by a variety of
government users. The summary of the measurement activities in Section
3.0 and visiting experiment users in Section 5. 0 reflects the varied objec-
tives, as well as accomplishments, in routine cperations support.

1.3 PROGRAM RESPONSIBILITIES

Specific responsibilities are tasked to AERL under AMOS Phase III.
Site or system operation and maintenance, configuration control, instrument
calibration, quality assurance, safety, and administrative support represent
the basic tasks in the conduct of the facility. Development activities, that
is the implementation of modifications to existing systems or the integration,
installation and checkout of new systems, comprise a major portion of the
effort. The support of target measurements and system performance testing,
and the resulting reduction and analysis of data, equally share importance
with the development activities.

Beyond these contractually oriented specific responsibilities there
exists a lcss precisely defined layer of interrelated responsibilities which
AERL contributes to or shares with other organizations. These include
liaison with proposed users of site capabilities or data products, interfacing
with associate contractors developing subsystems to be tested at AMOS,
participating in range planning, and pursuing joint objectives with various
government agencies and Federal Contract Research Centers (FCRC's).

Each of AERL's AMOS responsibilities, it should be clear, emanate
from direction by or in response to DARPA through its executive agent
RADC., Control of program functions, authorization for activities to be
undertaken and approval of end products remains at those levels. A well
coordinated relationship has existed between the three organizations, AERL,
RADC, and DARPA. As a result AMOS has become an important national
asset for research, development, and application of advanced electro-
optical systems technology.

-t



2.0 SYSTEM DEVELOPMENT PROGRAM

System Development is the name given to those activities which are
directed toward adding to or improving existing AMOS capabilities, princi-
pally by hardware modifications.

No major new hardware systems were initiated during Phase III. )
However, a number of large system efforts which had been begun in Phase II
had not been completed at the end of that Phase. AERL, therefore, was
assigned those efforts. The 1.6-m telescope restoration, the 1.2-m tele-
scope upgrades, the Laser Beam Director and the Teal Amber facility con-
struction were transferred from the previous contractor to AERL.

In addition, a number of minor modifications to current AMOS sys -
tems and some significant additions of new experimental subsystem hardware
did occur during the course of Phase 1II. Typical of the modifications were
upgrading of the Advanced Multi-Color Tracker for AMOS (AMTA) sensor and
the addition of mount safety controls to both telescopes. Typical of new equip-
ment are the Contrast Mode Photometer for the 1.2-m telescope system and
the All-Sky Camera for obtaining clear-line-of-sight statistics as part of
Atrnospheric Characterization efforts.

These System Development efforts are described below. Major sys-
teme are treated individually in Sections 2.1 through 2. 4, while subsystems
or miscellaneous developments are collected in Section 2. 5.

2.1 1.2-m TELESCOPE SYSTEM

The 1. 2-m telescope system consists of two 1. 2-m diameter,
Cassegrain telescopes mounted on a single, high performance tracking mount.
Associated subsystems include sensors, controls, and ancillary equipment
such as the dome structure, windscreen, etc. This systemr is currently
being transitioned to ADCOM under Contract F30602.-77-C-0184, to be used
for routine satellite tracking operations in support of the Air Force
SPACETRACK network. When transition is completed the system will be
known as the Maui Optical Tracking and ldentification Facility, or MOTIF.

During the AMOS Phase IIl Program several additions and improve-
ments were made to the 1. 2-m telescope system to enhance its capabilities

for routine SOI operations. This section describzs these improvements.
It also provides a complete report of current hardware status.

2.1.1 Summarx
2.1.1.1 Objectives

The objectives of the various upgrade programs all had a central
theme; i.e., to provide a high quality optical system which would be reliable,

S



easy to maintain, and able to incorporate a variety of sensor systems. In
meeting these objectives some of the programs involved correcting observed
deficiencies in the existing equipment while others involved adding new
capabilities.

At the onset of the Phase III program the two 1. 2-m optical systems
exhibited certain deficiencies. The f/20 telescope, referred to as the
b= 29,* showed severe astigmatism along with a substantial boresight shift
attributable to primary mirror tilt as the telescope was moved. Both
problems were related to the primary mirror support system. The f/8
telescope, referred to as the b= 30, included a secondary mirror and drive
which demonstrated poor optical/mechanical performance. For future
experiments the single instrument mounting surface of the b = 30 telescope
would be a constraint and the f/8 configuration would not satisfy many of the
sensor requirements. In addition to the optical problems relating to each
telescope, a problem existed between the two, referred to as strabismus,
which prevented simultaneous data collection due to a line-of-sight offset.

Problems also existed with various ancillary systems. The dome
drive exhibited very poor reliability and was difficult to maintain. It also
caused excessive vibration which degraded telescope performance. The
servo control system for the telescope mount, as well as being obsolete,
was not optimized for the current configuration of the telescopes. In addi-
tion, the mount control system did not preclude runaway motion which could
potentially damage the telescope or sensor equipment. Balancing of the
mount was time-consuming and hazardous since it was accomplished by
bolting lead weights in various places.

Sensor capability, in January 1975, consisted of the AMTA mounted
on the b = 29 telescope along with a boresight television camera. The b= 30
telescope did not have a resident sensor but was utilized more for short
term, special experiments. It was clear that a photometric capability was
required and that the operational capabilitics of both the AMTA and the
television systems could be improved.

2.1.1.2 Accomplishments

A new primary mirror cell and support system were installed on
the b = 29 telescope to correct the tilt and astigmatism prcblems. An air
bag and mercury belt arrangement (identical to the system used on the b = 30
telescope) for axial and radial support, respectively, were included.

The entire secondary mirror and drive were replaced on the b = 30
telescope. This not only corrected the poor optical/mechanical performance

; Throughout this report the 1.2-m telescopes are identified by their back-
working distance, the distance from the front surface of the primary mirror
to the focal plane, on the telescope axis. This distance is referred to
as "b".
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but also allowed conversion from f/8 to f/16 to provide better optical match
to sensor systems. (This telescope is now referred to as the b= 37.) To
correct the strabismus problem AERL designed, fabricated, the installed a
beamsteering system on the b= 37 telescope. This device, under computer
control, tilts the secondary mirror such that the b= 29 and b = 37 lines-of-
sight remain parallel at all telescope attitudes. Finally, to enhance the
versatility of the overall system, a folded Cassegrain instrument mounting
surface was installed on the East side of the b = 37 telescope. This allows
simultaneous mounting of sensor systems which can alterrately be utilized
by remotely controlling a folding mirror mounted at 450 to the telescope
axis within the telescope.

The dome azimuth and windscreen drive systems were completely
redesigned. Reliability of the dome drive was improved by eliminating the
positive (sprocket/chain) coupling between the motor gearbox and the rotating
inertia of the dome and by providing a more rugged design utilizing individ-
ually driven wheeled support trucks. Maintainability was enhanced by
mounting all components interior to the dome. Vibration was reduced by
eliminating the aforementioned sprocket-to-chain drive.

A new mount servo system was installed which provided a separate
control channel for each of the three axes. (The original servo had only two
channels.) The new system is totally contained in a single 19" standard
rack chasis, whereas the original system required a complete rack. Both
electronic limits and mechanical shock-absorbing stops were added to pre-
vent potentially damaging mount orientations. The mount control system
was also improved by the installation of a standard balance weight scheme.

Sensors were both upgraded and provided with additional capabilities.
Minor improvements were made to AMTA including the provision of an
automatic calibration scheme and an improved operator display. Its capa-
bility was enhanced by the incorporation of a Long Term Integration (LTI)

system which allows infrared measurements to be made on very faint targets.

A statc-of-the-art photometric capability was added with the installation
the AERL designed Contrast Mode Photometer (CMP) on the b = 29 tele-
scope and improved television system sensitivity was realized with the
addition of various new camera systemn:s, including the Quantex QX-10 with
a digital averaging option.

2.1.2 Telescope Systems

2.1.2.1 b= 371, 2-m Telescope

_l}ackground

During 1974, it became apparent that certain modifications to this
telescope were desirable. In order to increcase measurement capability
and versatility a second instrument mounting surface was indicated. Be-
cause of previously demonstrated poor optical/mechnical performance of
the existing secondary mirror and its drive, a reworking or replacement
of that subsystem was also determined to be necessary. Analysis of



planned sensor system requirements (e. g., ¥OV) showed that an f/16 system
would be preferred over the existing f/8. “his latter conclusion, plus the
desire to minimize telescope downtime, resulted in the adoption of the

""replacement" approach rather than that of merely reworking existing com-
puaents.

b = 37 Folded Cassegrain System

A second focal plane capability was provided by the installation of a
45° mirror (referred to as the #3 mirror) between the primary and secondary
of the Cassegrain system to divert the beam through a hole in the East side
of the declination housing. Instruments can be mounted on a new Blanchard

ground surface using bolt circles identical to those on the b= 29 and 1.6-m
telescopes.

Transition between the two modes of operation is accomplished by
activating a switch located in the mount control console which causes the
#3 mirror to rotate to the desired position. The time required to effect the
transition is a few seconds. A primary mirror baffle supports the #3 mirror
assembly. All hardware was provided under a subcontract to Boller &
Chivens. Table | gives the important system specifications.

b= 30tob= 37 (f/16 Conversion)

Early in 1975, design and fabrication of the following basic hardware
was approved for the conversion of the existing b = 30 (f/8) telescope to a
b= 37 (f/16) system:

1. A lightened secondary mirror and support system similar to that
on the b = 29 telescope.

2. A focus drive and readout system similar to the one installed on
the 1. 6-m telescope.

3. New fins and supporting ring for the above including an extension
ring for the existing tube,

Most of the hardware was supplied under a subcontract to Boller &
Chivens. Design and fabrication of certain existing hardware modifications
(e.g., extension of the INVAR mectering rods to accomniodate the larger
intermirror separation for the {/16 system) was accomplished by AERL.

Following extensive testing of the performance of the existing b= 30
system to estaLlish a bascline, and following optimization of the pri:aary
mirror support system, the new hardware was installed. Figure | shows the
new mirror, support system and extension ring installed in the telescope.

After installation of the hardware was completed (September 1975),
initial alignment of the system was accomplished, primarily, by the use of
a knife cdge. Results indicated that the b= 37 primary is quite good. It
was determined, however, that the back working distance (BWD) for best
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TABLE 1

IMPORTANT SYSTEM SPECIFICATIONS FOR b = 37
FOLDED CASSEGRAIN SYSTEM

Mirror Material Cervit
Wavefront Performance A/10 P-V; 2/30 rms (A = 632.8 nm)
Reflectance (Al plus SiO overcoat) 0.85 for 0.4 =X <0.75 ym

Cell & Support 1. Maintain wavefront performance
for all attitudes (zenith to
horizon)

2. Maintain folded optical axis,
relative to Side Blanchard,
to+ 5 x 10-4 inches for all
mount attitudes.

Baffling 10 arcmin for £f/16 cine. Reduce
scattered sunlight by 104 when
pointing within 200 of sun.

Side Blanchard Surface Designed to support a 500 b instru-

ment package with its CG at the folded
focal plane.
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Figure |
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lo Secondary Mirror and Support System



focas using the new secondary was not correct, therefore, the mirror was
reworked to provide the required b = 37.

Extensive optical testing of the reworked system was accomplished
to determine system performance. The first positive conclusion that could
be reached concerned the surface quality of the primary mirror. This

evaluation was made using knife edge (Foucault) tests. The surface errors

L that were detected were attributable to the primary since rotation of the
secondary had no effect on the location or shape of any observed irregu-
larity. The only significant primary surface defect was a turned down outer
edge (outer 2 inches). Since the actual mirror diameter is 50 inches the mirror
is quite good throughout a 48-inch (1. 2-m) clear aperture. For optimum
imaging performance, the outer edge of the primary should be masked.

The second conclusion concerned the BWD. Hartmann data taken at
BWD's of 34, 37 and 40 inches gave results of 0. 90, 0.81 and 1. 20 arcsec
respectively for 80% of the energy.

With respect to final system performance, then, the BWD of 37 inches
was chosen. The 0. 8] arcsec (!avtmanrn value for a star diameter at b = 37
should ne taken as an upper boundary. The double star 7 Tau having a
separation of 0. 5 arcsec is the closest double to have been resolved visually
thus far. On the other hand, many stars having separations under an arcsec
have been resolved.

Table 2 lists the {inal telescope performance parameters.

2.1.2.2 b= 29 Primary Mirror Cell and Support System

The primary mirror in the b = 29 telescope was axially supported by
an 18-pt. whiffletree arrangement of elastomer pads. Radial support was
provided by three sets of tensioned steel bands, anchored at points 1200
apart on the rim of the primary mirror cell. The bands, however, did not
symmetrically straddle the center of mass of the mirror, and when tensioned
50 as to prevent lateral motion, the resultant moment tended to tip the
mirror off the back supports. This caused severe astigmatism and sudden,
unpredictable shifts in borzsight and mirror stress producing zone-aberrated
images.

Based upon the excellent results that were obtained by replacing a
similar support system for the b= 37 primary with an airbag (axial) and a
mercury belt (radial), Boller & Chivens was contracted to provide the same
capability for the b= 29. A new primary cell also was specified.

The new b = 26 cell (Figure 2) is a steel weldment designed to support
the weight of the prima., mirror (about 1200 lbs) and a 500 1b sensor package
with the latter's center ¢ gravity at the Cassegrain focus. Structural in-
tegrity is such that the mii -or is not distorted (i. e., optical performance
is maintained) for all attitude operation (zenith to -50 elevation) of the tele-
scope. The mirror cell is designed such that the mirror support system
floats the mirror 100% radially, and 98% axially. Collimation is maintained
by three equally spaced axial back pads that pick up 2% of the mirror's weight.
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TABLE 2

1.2-m, b= 37 TELESCOPE CHARACTERISTICS

Aperture
Focal Ratio
Focal Length
Type (2 Choices Switch Selectable)
a) Conventional Working Distance
b} Folded Working Distance
Optical Quality

Primary Support

Secondary

Thermal Control

Instrumentation:

a) LLLLTV® - Type

Bandpass

FOV {(~ 2 choices)

- Location

Sensitivaty

"Low Light Level Television

1.22-m (48 inches)
£/16.2

19.8-m (780 inches)
Cassegrain

48 cm (19 inches)

25 cm (10 inches)

4 x Diffraction Limit
Air Bag - A.ial
Me-cury Belt - Radial
Remote Focus Drive
Beamsteering

Invar Rods

ISIT

0.38 - 0.70 ym

156 " x 210
78 7 x 108 "
Rear Blanchard

>+l9Mv
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MERCURY BELT

RADIAL POSITION
INDICATOR

/AIR BAG \—DEFINING PAD

Z AXIAL POSITION
TRANSDUCER

H3687

Figure 2 AMOS 1.2-m (b = 29) Primary Cell and Mirror Support System
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Radially the mirror is supported and restrained by a flat tubular ring,
filled with mercury, designed for the diameter and weight of the mirror, and
located at the axial center of gravity. The mercury creates the buoyant force
which radially supports and defines the mirror statically, and also provides
the compensating forces during acceleration. Axially, the mirror is floated
on controlled air pressure, contained within three flat air bags and defined by
three defining pads. The airbag (flexible neoprene coated) is made in three
sections for fabrication and installation convenience, but the sections are
connected in parallel to apply the same unit pressure over the whole contact
area, A calibrated pressure regulator controls the air pressure in the bag
to comnpensate for changing gravitational force on the mirror as the telescope
moves away from zenith,

Following installation of the new cell and mirror support system, per-
formance tests were conducted. The axial support system (airbag) perform-
ance was monitored with three linear transducers having remote readouts
that indicate mirror axial position changes as small as 5 x 10-4 inches while
the radial support system (mercury belt) performance was monitored by two
dial indicators having the same measurement precision., The transducers
are located as shown in Figure 2. In order to meet the axial shift and tilt
specifications, the readouts could show a maximum deviation of only one
count for all indicators and a differential between indicators of no more than
a single count. This is to hold for 21l telescope angles from -5° elevation
to zenith. The complete results of acceptance testing showed that Boller &
Chivens had provided a system that met all performance specifications.
Table 3 lists the final telescope performance parameters.

2.1.3 Sensor Systems

2.1.3.1 AMTA

The Advanced Multi-Color Tracker for AMOS (AMTA) system(3, 4)
is a routinely operational LWIR sensor which has supported numerous AMOS
missions and experiments since it was first installed in March of 1973. The
AMTA upgrade has been an ongeing program either to correct system
defficiencies or to improve system performance. The tasks outlined under
the Phase 1Il contract to be completed as part of the AMTA upgrade program
were:

1. Provide an automatic blackbody calibration fixture.
2. Improve the AMTA 7 -axis operator display.

3. Coumplete programs to computer process AMTA data for an
onsite quick-look capability.

4. Provide for the recording of 10 detector de outputs.

5. Replace the stainless steel gas lines with flexible lines routed
through the telescope axes.
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TABLE 3

1.2-m, b= 29 TELESCOPE CHARACTERISTICS

Aperture 1.22-m (48 inches)
Focal Ratio £/20

? Focal Length 24.5-m (967 inches)

| Type Conventional Cassegrain

3 Instrument Working Distance 28 cm (11 inches)

1‘3 Optical Quality 5 x Diffraction Limit

E Primary Support Air Bag - Axial

i

Mercury Belt - Radial

Secondary Remote Focus Drive
Thermal Control Invar Rods
Instrumentation:
a) AMTA* - Type LWIR (25 Ge:Cd Detectors)
- Bandpass (7 Filter 3-21 ym
Selections)
- FOV (of array) 114?,‘ 114’.,\
(diagonal meas.)
b) CMP** - Type Visible
- Bandpass (5 Filter 0.38 - 0.70 ym
Selections)
- FOV (5 Selectable) 10 7" to 160 T
- Sensitivity + 15 M,

c) Boresight

TV - Type ISIT
- Bandpass 0.38 - 0.70 ym
-~~~
. - FOV 90
- Sensitivity + 14 M,

Note: Simultaneous operation achieved by use of dichroic beamsplitter
and selectable pellicles.

*Advanced Multicolor Tracker for AMOS
**Contrast Mode Photometer
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The following presents a brief background and description of the
tasks.

Automatic Blackbody Calibration Fixture

One method used to calibrate an LWIR sensor wiich is mounted on a
large aperture telescope focused for infinity is the ""Jones'" method. The
method involves placing a blackbody source near the entrance aperture of
the telescope to flood the detector. The resulting flux density incident at
the detector plane can, with reasonable error bounds, be easily determined.
The AMOS LWIR sensors have always used the '""Jones' method for cali-
bration. Initially, the blackbody had to be manually put in place each time
the system was calibrated, prior to or immediately after a mission. The
technique was cumbersome, time-consuming, and, additionally, it immobil-
ized the telescope for a period of ~30 minutes for the setup and calibration.
For these reasons, the blackbody fixture upgrade was undertaken.

The task included the design, fabrication and installation of a black-
body calibration fixture which is permanently installed on the b = 29
telescope and is remotely controlled, so that the LWIR sensor can be cali-
brated at any time, even during a mission, without interferring with any
other mission-related activity. Tests conducted using the '"Jones'' calibra-
tion fixture indicate that it performs as designed and yields calibration data
consistent with data acquired in the previous configuration. The fixture
allows calibration of the AMTA LWIR sensor by one man without immobilizing
the mount. The calibration can easily be accomplished in about five minutes.

Z -Axis Display Modification

Scan modulation renders the AMTA Z-axis display, which was pro-
vided with the system by the Hughes Aircraft Company (HAC), useless in any
mode (see Reference 3 for details). As a consequence, operator display in
the toggle-mode configuration was limited to four synchronous amplifier
channels which are adjusted manually to null the scan modulation and provide
a zero dc offset. Maintaining a zero dc offset during a mission, particularly
when changing filters, proved to be an extremely difficult task for the AMTA
operator and provided the primary impetus for the display upgrade.

The task included the modification of the HAC Z-axis display signal
processing, to make it compatible with the toggle mode, and the fabrication
of 25 channels of automatic scan modulation null circuitry to reduce the scan
modulation to the point where the Z-axis display sensitivity is not limited
by the amplitude of the scan modulation.

Limiting sensitivity tests using the modified Z-axis display were
conducted and the results indicate that the scan modulation is now reduced
to within a factor of 2 of statistical G-R noise. This is a reduction in some
cases of more than two decades. Renulling detector outputs when switching
filters is now routine, and the operator can maintain track throughout a
filter -switching sequence.
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AMTA Data Processing

During Phase iI, a computerized technique for generating magnetic
tape containing a digital reccrd of AMTA data, as well as various house-
keeping parameters, e. g., time, filter position and mirror state, was
developed. Software written to process the digitized data proved to be in-
adequate, and consequently the task to complete the software was undertaken
during Phase III. The main program developed was TOGLPLOT. This
program processes data from an AMTA digital data tape and displays the
result on the plotter. The basic plot is a function of detector output vs
time, with a time scale of 10 sec/inch. The function may be any one of
the following four choices:

1. Difference voltage (mirror state 1-mirror state 0), smoothed
by an N-point sliding average and a second-order Butterworth
low pass filter, and biased by the complement of the filtered
result for the first N points.

2. Function ] times inverse responsivity; i. e., irradiance at the
telescope entrance aperture.

3. Function 2 divided by atmospheric transmission - exoatmospheric
irradiance.

4. Function 3 times square of slant range - target radiant intensity.

Responsivity as a function of filter number and detector numnber is
provided by programs JONES, Transmission as a function of filter and
elevation is computed from a user-supplied state vector by integration to
the data time with PROPY and coordinate transformation with XFORMS5.
The scale factor for the ordinate axis is automatically determined by the
plotting subroutine, YVST. Filter wheel changes are detected and cause
suitable reinitialization of the plot, filters and bias. Plots may be up to
320 sec long. User control of program options is via punched cards.

Recording dc Detector Outputs

In 1973, a demonstration showed that the apparent radiance of a
clear sky can be determined using the AMTA detector dc outputs. It was
proposed during Phase III that such measurements might develop into a
technique for estimating attenuation in rcaltime because radiance and trans-
mission are related, albeit in a complicated way. In June of 1975, author-
ization was given to develop hardware capable of recording the dc output
for any ten of the twenty-five AMTA detector channels with sufficient
resolution to permit observing a 0. 07 air mass change in the 10-20 ym
band and 0. ] air mass in the 3-5 ym band.

The hardware was developed at the Avco Everett facility, delivered
to AMOS in December of 1975, and integrated into the AMTA system. The
delivered hardware provides the capability for recording the dc detector
output, in addition to long term averaging of the detector ac output.
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Additionally, the hardware provides for the recording of the detector bias
voltage, filter number, universal time and a typed-in initializing statement
which identifies the mission name, date and detector channel assignments.
Proof of concept experiments were conducted early in 1976(5) which verified
the hardware capabilities. The integrated system is now used routinely in
support of AMOS missions and IR atmospheric studies.

Gas Lines

The AMTA sensor utilizes a cryogenic system which uses gaseous
helium as the working fluid. The stainless steel bellows gas lines originally
supplied with the system were too large and not sufficiently flexible to be
routed through the telescope axes. Instead, the lines had to be run through
an opening in the dome floor and draped from a point where the polar axis
intersects the declination axis housing. Attaching the gas lines at this point
does not affect telescope balance, however, in certain mount configurations,
the lines interfere with telescope tracking. Additionally, the stainless steel
lines were difficult for the dome operator to handle and were subject to
fatigue fracture causing gas leaks and system downtime. For these reasons
the gas line upgrade ta: k was undertaken.

The task included replacement of the stainless steel lines with PVC
tubing and the verification of its satisfactory performance. It was also the
intent to route the PVC lines through the telescope axes to minimize inter-
ference with telescope tracking. This aspect of the task was not completed,
due to insufficient room in the telescope axes. The lines still remain in
the draped configuration; however, they arc considerably more flexible and
casier handled such that interference with telescope tracking has been
minimized. Downtime of the system due to gas leakage has been eliminated.

2.1.3.2 Contrast Mode Photometer

Background

Early in the Phase Il contract, AMOS ncar-term plans required
cstablishing the capability for routinely observing satellites simultaneously
by self-emitted and reflected radiation. The AMTA sensor installed on
the 1.2-m, b= 29 telescope provided the capability for routinely measuring
the self-emitted radiation, while a photometer mounted on the 1. 2-m, b= 30
provided the capability for measuring the reflected radiation. As a con-
scquence of strabismus and static misalignment of the two 1. 2-m telescopes,
it was not possible to achieve the simultancous measurement capability.

An interim photometric sensor (the b = 29 photometer, (1)), developed to
provide AMOS with a continuing photometric capability during the b = 30
tclescope conversion, was capable of simultancous operation with the AMTA
but not on 4 routine basis.

In an cffort to provide a truly routine simultancous photometric and
radiometric capability, it was decided to develop a new photometer which
would mount on the 1. 2-m b = 29 telescope and share the visible beam with
the AMTA boresight TV camera. Although sufficient sensitivity for deep
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space measurements was desirable for this instrument, such capability
was the objective of a separate development. Deep space photometric
observations allow an observer to wait for low background conditions,
whereas nearby objects of current interest must frequently be observed
during twilight or with an unfavorable moon. Since the bulk of AMOS
observations are made with the sky background between + 20 and +16 Mv/
arcsec, contrast mode photometry was selected to provide continuum
rejection.

System Description

The Contrast Mode Photometer (CMP) is designed to simultaneously
share the 1.2-m, b = 29 telescope beam with the AMTA LWIR sensor. A
schematic of the CMP telescope mounted sensor package is shown in
Figure 3. The sensor utilizes two uncooled, magnetically focused EMI
9658A (S-20R) photomultiplier tubes. A specially designed chopper/aperture
wheel combination (Figure 4) located at the image plane of the AMTA relay
optics is arranged such that one of the PMT's receives the reflected beam,
the other the transmitted beam. In this configuration, both PMT's see
identical background but view the target on alternate segments of the chopper.
This dual channel capability provides a /2 improvement in signal/noisz
over a single channel system and, additionally, provides a mechanism for
parity check. The two PMT channels can also be operated individuaily,
each with a different spectral filter option, which allows simultaneous two-
color measurements to be made. The sensor also has polarization diversity,
neutral density filter and FOV options, all remotely programmable from
the control console. The beamsplitter provides several options for splitting
the visible beam between the boresight TV and CMP.

The principal features of the Contrast Mode Photometer (CMP) are
given in Table 4. These features are intended to provide the CMP with the
capability of measuring a target's spectral, temporal, polarization and
brightness characteristics under varying background conditions without
necessity to purposely mistrack to acquire background data.

Performance estimate curves for the CMP are shown in Figure 5.
A mecasured performance point, shown on the figure, indicates that the sys-
tem is about one stellar magnitude from achieving the estimated performance.
The reduced performance is attributed to a less than estimated optical
transmission.

The CMP is operational and routinely supports MOTIF missions.
An interim computer data handling capability has been developed which
allows CMP data to be processed, formatted and transmitted to SDC upon
request.

2.1.3.3 Video/Imaging Systems

At the start of the AMOS Phasc 11l Program, the video sensors used
on the two 1. 2-m telescopes were older cameras which were not representa-
tive of the current state of video technology. The AMTA visual boresight
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Figure 3 Contrast Mode Photometer Layout
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TABLE 4

PRINCIPAIL CONTRAST MODE PHOTOMETER FEATURES

Contrast mode operation with specially designed chopper/aperture
wheel to provide high background rejection.

Dual, uncooled, magnetically focused, EMI 9658A (S-20R) photo-
maultipliers to achieve maximum efficiency.

Simultaneous two-color capability, including UBV measurements.

Polarization analyzer.

Variable {ield-of-view in binary steps from 10 arcsec to 160 arcsec.

Dynamic range of ~108 (20 stellar magnitudes) utilizing pulse mode
operation, augmented by use of neutral density filters.

Variable data rate (chopper frequency) to | kHz maximum,
All system functions controllable from control console.

Analog, digital and strip chart rccorder outputs provided.
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camera was an Intensified Image Isocon camera which had significantly
deteriorated from its original performance. The b = 30 telescope (prior
to modification to b = 37) contained the Interim Visible Sensor Package
(IVSP), which used two video cameras, an Image Isocon and a Plumbicon.
The 18. 6-inch finder telescope was equipped with an Image Orthicon
camera.

All these cameras had sensitivity limitations which prevented AMOS
from observing and tracking faint satellites. To correct this deficiency
in sensitivity, AERL procured a number of new, modern video cameras.
A COHU SIT camera was procured as a boresight TV for the Teal Blue
sensor, but was used on an interim basis as the AMTA visual boresight
TV. This resulted in a marked improvement in the ability to track faint
targets with AMTA.

A COHU ISIT camera was procured for the Laser Beam Director,
When the Beam Director wes temporarily removed from operation, this
ISIT camera was moved to the b = 29 telescope as the AMTA visual bore-
sight TV. This provided further improvement in sensitivity for this
telescope.

The IVSP was removed from the b = 30 telescope when the optical
conversion to b= 37 took place. This package was succeeded by the Interim
Low-Light-Level TV package which uses the Quantex QX-10 Integrating
Digital TV Camera originally procured for supporting the SAMSO Evaluation
Program in 1976. This camera has provided an enormous gain in sensitivity
ove» previous TV sensors and is now the most scnsitive TV camera (n the
AMOS inventory.

The 18.6-inch finder telescope is still equipped with an older Image
Orthcon camera; however, the new acquisition telescope being built for
AMOS will replace the 18. 6-inch telescope and will be equipped with a
Quantex QX-11 large format (40 mm) Integrating Digital TV cainera, which
represents the best that current video technology has to offer.

No new photographic imaging capability was added to the 1. 2-m
mount during this period. Some classical photography was done on a
sporadic basis, but the reduced requirement for imaging on resolved targets
with this mount did not warrant additional developments. Existing cine
or single frame cameras were employed as necessary.

2.1.4 Support Systems

2.1.4., Domec Azimuth and Windscreen Drive Upgrade

The original drive systems for the dome azimuth and windscreen
were designed, fabricated and installed as part of the Rohr Corporation
subcontract for the Observatory domes. These systems exhibited a great
deal of vibration, adverse effects on the Observatory power system,
botherscme maintenance characteristics, and severe reliability problems.
All of the above, coupled with ten years oi obselcscence, prompted the
dome upgrade program.
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The dome upgrade task was initiated with ar evaluation and test of
the existing system. This involved an indepndent consultant, Mr. Ed Sweo
of Sweo Engineering, who spent four days on site. Results of the tests and
evaluations showed the following:

1. The existing drive sprockets did not mesh well with the chain
due, primarily, to the out-of-round conditicn of the dome. This condition
caused rough operation (vibration) and could develop fatigue failures in
components due to following teeth impacting the chain rollers.

2. Peak motor torque for the existing Fincor system could be up to
10 times the 10 hp rating. These high peak torques, which might occur under

sharp command changes, may have caused the persistent mechanical failures.

3. The angled guide rollers carried a significant portion of the
vertical load.

4. Measurements were made of the vertical load on each of the
16 support trucks. It was concluded that ioad varicd as the dome was rotated
by at least 2:1 on any wheel pair and that truck load variations were most
likely due to track level variations.

5. Friction breakaway torque was measured to be 30 lb-ft at the
drive sprocket.

6. The existing externally mounted azimuth drive motors repre-
suvated a severe maintenance problem as well as a personnel safety hazard.

To correct thesc problems a conceptual design for the upgrade was
formulated. The basic concept was a system to drive the wheels that support
the dome. Due to the loading characteristics on the existing trucks and the
downtime that would be required to modify each truck to add a drive capa-
bility, it was decided that adding 8 new 8-inch diameter drive wheels, each
spring loaded to give a constant 5000 1b load on the rail, woulé be the best
approach. Each wheel would be driven by a separate 3-hp dc motor with a
standard 5:1 .ight angle gearbox. Motors would be matched and circuitry
would be p:ovided to insure load sharing among cach of the drive wheels.

To provide commonality of components, similar drive system charac-
teristics and simplification of the circuitry, it was decided that the same
type of drive system should be installed for the windscreen.

The above described concepts were formulated into a system speci-
fication for procurement. Randtronics, Inc. of Menlo Park, California was
sclected to supply the basic drive system consisting of a control cabinet
cortaining the azimuth motor controller, windscreen motor controller,
isolation transformer, motor matching networks and miscellaneous circuits
and contactors; the 8 azimuth motors with 5:] right angle gearbox assem-
blies: and the windscreen motor. All necessary interiace engineering for
this system was accomplished by AMOS site personnel while design and
fabrication of the new drive wheel asseimnblies was done at Everett,
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The major hardware components of the dome azimuth and windscreen
drive upgrade wrere installed early in 1976. Upon completing this installation
the new system was tested to insure proper operation and the existing Rohr
Corporationdrive system was then removed. (Since the new hardware could
be installed without impacting the existing drive, no operational downtime was
incurred.) Operation of the new system showed no adverse effects either
on the power line or the equipment during rapid acceleration or deceleration
(including reversal from full speed). A marked reduction in the frequency
and amplitude of dome induced vibrations has been realized with the system.

The new equipment consists of 8 3-hp dc permanent magnet motors
coupled to 5:1 gearbox assemblies (Figure 6), which drive spring loaded
steel wheels on a stecl hexagonal rail mounted on the top of the dome wall.
The motor gearbox assemblies were purchased from Randtronics Incor-
porated while the wheel assemblies were fabricated at AERL. These 8 units
provide the necessary drive power for dome azimuth rotation. The wind-
screcn drive motor (Figure 7) is identical to the azimuth motor without the

5:) gearbox. All nine motors are equipped with integral tachometers for
rate feedback.

Figure 8 shows the Randtronics controller containing both azimuth
and windscreen drive electronics. This unit is activated by pushbutton
controls located on a pendant box and operates on +10 Vdc input signals to
generate the azimuth and windscreen drive currents. Control signals can

be generated using either a remote control box or switches located on the
dome control panel.

The design of the system includes provision for automatic servo
control of both dorne azimuth and windscreen elevation. A dome servo
analog computer receives position information from resolvers attachad to
each axis of the mount. Required dome azimuth and windscreen positions
are calculated and applivd to the appropriate drive controller. Position
feedhack for azimuth is provided by a synchro which is gear drive by the
existing dome azimuth chain. A servo potentiometer aitached to a cabule
drum provides windscrern position feedback.

2.1.4.2 Mount Control

Under the Phase Il contracts at AMOS, Locked Missiles and Space

Co. (LMSC) initiated a mount servo upgrade task at AERL direction. The
purpose of this upgrade was the following:

1. Replace obsolete chopper stabilized operational amplifiers with

more modern IC's to improve reliability and reduce noise.

Repackage servo units from aeparate 7 ft racks to chasnes
mounted :n the main control console.

Add a third servo channel 50 that cach axis has a separate
channrl (eliminate switching hetween polar and azimuth),

-26.
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Figure 6

Dome Drive Assemblies,
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1.2-m Telescope
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Figure 7 Windscreen Drive Motor, 1.2-m Telescope
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4. Eliminate poor grounding practices which were prevalent in the
old servo.

5. Allow space for expansion and modification.

6. Attempt to achieve some measure of improved bandwidth per-
formance to help combat the wind gust problem without necessi-
tating a major redesign of the system.

This upgrade was started but was not completed due to work priority
conflicts. It therefore carried over to the Phase III contract.

In addition, the mount control system did not preclude runaway
motion which could potentially damage the telescope or sensor equipment.
Consequently, a system of fail-safe mechanical and electrical stops had

to be added to improve safety. This task was added to the mount control
upgrade.

Figure 9 shows the basic block diagram of each channel of the servo
for computer mmode. The dashed lines define the portion of the servo in-
volved in the upgrade. With three major exceptions, this section was rebuilt
with more modern components to be identical to the old servo. The first
was the addition of differential buffer amplifiers for all inputs to provide
ground loop isolation. The second was the inclusion of the tachometer loop
for both coarse and fine track modes, along with a slight change in the tach
filter characteristics. (The tachomcter lrop w..s disconnected for fine

track mode in the old system.) Third was the addition of a velocity feed-
forward signal from the computer,

The new servo chassis was built to allow for expansion by adding
spare buffer amplifiers and spare input output calbes/connectors. Figure 10
shows a photograph of the new servo chassis. The meters on the front panel
are meter-relays which serve dual purpose of indicating input voltage as
well as providing the necessary switch between fine track and course track

servo modes. The rotary switches shown allow test point selection for ease
of troubleshooting.

An electrical emergency stop has been added to the servo loop for
each axis. When activated, it applies maximum reverse torque for as long
as the tachometer signals that the axis is moving. This condition remains
active until manually turned off by an operator.

The fail-safe feature was implemented by the addition of shock ab-
sorbers on the polar and declination axes, Figure 11 shows the installation
on the 1.2-m telescope mount. The stops permit motion of + 850 from 00
about the polar axis; the declination axes can rotate from +110° to -400.

2.1.4.3 Balance System for 1.2-in Telescope

Since their original installation in 1965, both 1. 2-m telescopes have
undergone major modifications including structural changes to the secondary
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Figure 11

Shock Absorber Stops on |. 2-1n Mount
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mirror supports to effect new focal lengths. Following each modification
the mount was rebalanced to compensate moments about the declination
axis., However, based on available records, it appears that little attention
was given to the independent balance of each individual telescope. Since
both telescopes are coupled to a common declination axis, moments could
be compensated by adding weight to either telescope.

An analysis was performed in late 1975 to determine the weight and
balance condition of each telescope individually (by uncoupling the declination
axis). It was found that, neglecting instruments and sensor systems, both
telescopes were front heavy with uncompensated momenis (about the declina-
tion axis) as follows:

b= 29: 43,739 1b-inch
b= 37: 28,487 1b-inch

Until this time, large lead blocks had been bolted to the rear
Blanchard instrument mounting surface to balance the system. The surface
was not large enough, however, to accommodate planned instrument pack-
ages along with the weights now required to independently balance the
telescopes. Consequently, a decision was made to design, procure/fabricate
and install a new weight system that could accomplish the required balance
without using instrument mounting space.

The design utilizes molded lead weights and special weight brackets.
The mold was fabricated and the weights cast onsite (sufficient lead was
already in the AMOS inventory). The brackets were fabricated by Carter
Company, Inc. of Honolulu and delivered to the site in March 1976.

The weights, when installed on the telescope (sce Figure 12}, no
longer utilize space on the rear Blanchard instrument surface. Each weight
is ~35 lbs and, therefore, easier and safer to handle. Both the weights and
the brackets have multiple mounting holes making it a straightforward and
relatively simple task to add, delete or rcarrange weights as required.

This weight scheme also achieves the main goal of allowing an independent
telescope balance.

Tests were performed on the declination axis coupling following the
independent balance effort. The tests showed that the coupling had been the
source of a persistently observed 7-Hz oscillation in teiescope pointing.
The aforementioned out of balance condition, with its resultant torsional
moment, had acted as a driving force to set up the oscillation. The tests
furt ier indicated that servo performance, in terms of the 7-Hz oscillation,
was very sensitive to the coupling adjustment,

Now with proper independent balance and coupling adjustment, the
osciilation has been eliminated as a source of tracking jitter.

2.1.4.4 Beamsteering and Optical Alignment

A Beamsteering/Optical Alignment system was developed and im-
plemented for the AMCS 1. 2-m twin telecscopes. The system performs two
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major functions: 1) Allows simultaneous observation of the same field-of-
view by the b= 29 and b = 37 telescopes by eliminating the strabismus
(decollimation) errors between the two telescopes, and 2) Stabilizes target
images on the b= 37 side (used for LLTV missions) in the presence of
disturbance torques such as those caused by wind buffeting.

The strabismus corrections are made by dynamically aligning the
b = 37 telescope optical axis to the b = 29. This alignment is performed
via servo controlled tilt of the b = 37 secondary mirror. Detection of the
strabismus error is accomplished by a realtime comparison of the mount
models for the two telescopes. A second, higher speed servo system
corrects pointing error in the b = 37 telescope due to the influence of ex-
ternal torque disturbances. This second system utilizes piezoelectric
drive clements and derives its input command from the computer-generated
mount position error signals.

The dynamic collimation errors between the lines of sight for the
twin telescopes have been measured to ve as high as + 1.5 arcmin. The
correction of pointing errors of tlis rnagnitude by secondary mirror tilts
of a Cassegrain telescope can prse serious optical problems. Due to the
demagnification effects of thc secondary nurror, a physical tilt on the order
of three to four times thc required focal plane movement is necessary.
Pure mirror tilts of this magnitude would introduce objectionable amounts
of coma into the telescope image. Lateral translation of the sccondary
mirror alss introduces coma while only slightly influencing the pointing
position. The system design provides for a combination of both tilt and a
counter -acting lateral shift to the secondary mirror to eliminate the possi-
bility of introducing coma into the telescope system.

An AERL analysis of the b = 34 telescope showed that one wave of
coma is introduced into the telescopce by e¢ither 2. 7 arcmin (0. 000785 radian)
of tilt or 0. 022 inch of decentration. By applying equivalent amounts of
coma (but of opposite sign) through a «ombination tilt and decenter move -
ment, coma is cancelled. This movement can be achieved by rotation of
the secondary mirror through an arc with a radius of 0. 022 inch/

0. 000785 rads or 28 inches. The center cf rotation turns out to be located
slightly forward of the focus of the f/3 primary mirror.

The amount of secondary mirror tilt required to achieve a given
focal plane movement is 4. 3 arcmin/arcmin. A motor driven mechanical
system was designed which provides the required motion with a focal plane
dynamic range of + 2 aremin.  The systein uses de servo motors with
followup pots. The motion which corrects the collimation error between
the b = 29 and L = 37 telescopes s conndted in mechanical series with a
faster responding piczoclectric drive system uaced for correction of dis-
turbance torques. The piczoelectric system provides a focal plane move -
ment of + 10 arcsec.

As mentioned carlier, the drive for the piczoclectric correction is

taken from the telescope servo error signal. Proper correction of the polar
pointing crrors requires they be modified by a cosine function of the
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declination angle. An analog cosine function pot has been coupled to the
1. 2-m declination axis for this purpose.

A mechanical drawing of th= system is shown in Figure 13. Care
has been taken to mass balance the system mechanically to reduce required
drive forces and minimize flexure with variations in telescope attitude.
Symmetrical piezoelectric stacks are also used to eliminate pointing errors
which could be introduced by thermal expansion.

Figure 14 shows a photograph of the completed system as it is mounted
and as it supports the b = 37 telescope secondary mirror. The amplifiers
and power supplies which provide the required drive (+ 500 V) for the piezo-

electric elements are mounted to the declination housing of the same telescope.

A simplified functional block diagram of the total system is shown
in Figure 15. The strabismus correction requires two accurate telescope
mount models (one for the b= 29 and one for the b= 37), which are computer
compared to provide an analog polar and declination error voltage. This is
used to drive the servo motors, which, in turn, position the b = 37 secondary
mirror. Linearity of the system is assured through use of direct coupled,
‘highly accurate followup potentiometers. In a similar manner, the voltages
which drive the error correcting piezoelectric elements are derived by
computer comparison between the telescope pointing commands and the
actual telescope position as determined by the axes (polar and declination)
encoders. A bias supply causes the telescope pointing to center about zero
error when there are no disturbance torques to perturb the mount.

The opera‘ional controls for the entire system are housed in a rack
panel located in the AMOS control room. These controls permit the system
to be disabled for individual use of the twin telescopes or for the purpose of
deriving individual mount model parameters. Provisions are also available
to step target image positions (in polar and declination) on the b = 37 tele-
scope independently of the b = 29 pointing. A photograph of the control
console is provided in Figure 16.

Testing of the system was accomplished in June of 1977 following
final installation of the hardware. 98 stellar marks were taken and were
used to update the b = 29 and b = 37 parameter file. A sky map made up
of 15 randomly selected stars was used to evaluate the following:

1. The absclute pointing of the b = 29 model.
2. The absolute pointing of the b = 37 model.

3. The absolute pointing of the b = 37 telescope, using the b = 29
model with beamsteering.

The covered sky arca extended cver a polar range of 124° and a declination
range of 730 (the new mount safety stops restrict the declination coverage).
Prior to initiation of the pointing test, the mount was prepressurized with
temperature stabilized oil (which matched the mount temperature within 19F)
for a period of about two hours. The winds varied from 18 to 23 mph during
the test. A synposis of the resulting test data is presented in Table 5.
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Table 5 indicates that the rms pointing errors in the b = 37 telescope
with the beamsteering in operation are somewhat lower than that with the
b= 37 telescope using its own model. This is somewhat surprising, since
the voltages used for strabismus correction are derived from the two indi-
vidual models. In addition, when offset steps are taken to center the star
in the b = 29 reticle (as would be done during a mission}, the strabismus
corrected b = 37 achieves better pointing than the b = 29 model. Neverthe-
less, the system appears to be functioning properly, exhibiting an overall
rms pointing error of < 2 arcsec. The majority of this error can be attri-
buted to the residuals within the original models. The indicated bias of
- 5.0 arcsec and - 3. 13 arcsec results from the single stellar setup point
and could have been eliminated following the 15 observations by resetting
the bias offset potentiometers which are located on the strabismus system
control panel. Following this adjustment, a rerun of a sufficient number
of stars would have indicated a near zero offset; the rms errors would,
however, not change.

Tests were also performed to evaluate the ability of the wind buffet
servo to stabilize optical images in the presence of disturbance torques
which are external to the telescope system. A pendulum with a 15-1b
weight was attached to the rear Blanchard surface of the b = 27 telescope
and caused to swing while the mount was computer tracking a zenith star.
The pendulum motion caused the stellar image to oscillatec on the photo-
cathode of a TV systcm which is located at the Cassegrain focus of the
b = 37 telescope. Identical oscillations were simultaneously observed on
the AMTA TV system located on the b = 29 side of the mount. With the
wind buffet servo turned '""on' and with the polar and declination corrective
amplitudes (sec Figure 16) properly adjusted, the image as observed with
the b = 37 TV became near motionless, while the b = 29 image continued
to oscillate. The frequency response of the system is presently limited to
60 Hz by band limiting the power drive amplifiers. The mechanical reso-
nance of the piezoelectric drive system is above 200 Hz: however, the drive
currents become excessive at these higher frequencies. The total beam-
steering system is available for use on a routine basis.

2.1.4.5 Acquisition Telescope

The existing 18. 6-inch acquisition telescope mounted on the 1. 2-m,
b = 29 telescope exhibits poor optical performance and low sensitivity. It
does not meet the requirements for MOTIF operations and modifications
to upgrade it are not feasible. An entirely new system is, therefore, to be
provided.

The new system (see Figure 17) will consist of a 22-inch diameter
Ritchey-Chretien telescope containing two, switch-selectable fields-of-view
(FOV): 0.1° and 0.5°. A separate, 8-inch diameter, catadioptric system
will provide a 30 FOV. All three FOV's will image on a single (40 mm
diameter) video sensor (ISIT). Switching time between FOV's will be
~one second. Ancillary systems will include remote controlled filters,
shutters, boresight recticles, etc.

The optical system will be provided under a subcontract to Boller &
Chivens. Quantex will supply the video system. This capability is scheduled
to be operational by March 1978. Detailed performance specifications are
shown in Table 6.
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TABLE 6

AMOS ACGJISITION TELESCOPE SYSTEM PERFORMANCE

0.5° FOV

0.1° FOV

39 FOV

85% of energy from a solar-type point source
to be within a 30 um diameter spot over the
central + 0.1° (65 um everywhere else).

Throughput to be 0.6 or better.
Sensitivity + 16 M,, (goal of + 17) with a dark

sky bakcground and + 14 M,, (goal of + 15) with
a full moon background. *

85% of energy from a solar-type point source
to be within 150 um diameter spot anywhere in
the field.

Throughput to be 0. 45 or better.

Sensitivity of + 16 M, with a dark sky background

and + 14 M, with a full moon background. *

85% of energy from a solar-type point source

to be within a 65 um diameter spot anywhere in
the field.

Throughput to be 0. 65 or better.

Sensitivity of + 11 M,

" Dark sky: + 21 Mv/arcsecz

Full moon: + 17.5 Mv/art:sec2

.45-




T

2.2 1.6-m TELESCOPE SYSTEM

Restoration of the large aperture telescope capability for conduct of
research and development activities in optical measurement technology had
been initiated in Phase II. Completion of the procurement and the installation,
acceptance testing, evaluation and characterization of the 1. 6-m telescope
system was one of the major long term efforts of Phase III, Its successful
accomplishment, in mid-1976, has significantly increased AMOS capabilities
and has afforded a number of experimental activities the opportunity to exploit
the superior quality of the resultant system.

In the near future the 1, 6-m telescope system is to be used for field
test of the Compensated Imaging (CI) System, currently under development
for DARPA. As a result many of the specific requirements for the system
were oriented to its use with CI. Other specifications resulted from prior
operating experience, from the desire to provide versatility in the system,
or out of concern for reliability, maintainability and safety.

2.2.1 Summary

2.2.1.1 Objectives

The principle objective of the 1. 6-m telescope efforts was to provide
a system with highest quality optical, mechanical and thermal performance.
Recognizing that this telescope would be key to a number of DARPA program
initiatives in large scale electro-optical systems, particularly Compensated
Imaging, the goal was to provide a system that would not constrain or com-
promise such applications but, rather, enhance the potential for their success.

Specifications for the telescope called for total system all-attitude
performance to be diffraction limited. To achieve this the optical elements,
primary and secondary mirrors together, had to meet a X/25 (rms) wavefront
specification. Mirror support systems and tube stiffness had to assure that
tilt and decenter of the optics would not significantly degrade performance at
all telescope attitudes for all anticipated tracking rates. Thermal control
was required to maintair. intermirror spacing and alignment fo- anticipated
temperature variations during operations,

Ancillary systems, such as thc dome, windscreen, mount cont-ols
and mount balance system required upgrade or redesign to assure that they
did not inhibit telescope utilization. Improved reliability, maintainability
and operability were the funda.nental poals.

Finally, to improve the capability to locate, acquire and establish
track on target objects and position them within the limited field-of-view of
anticipated sensors, it was necessary to provide an improved acquisition
or finder tele: cope system.
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2.2.1.2 Accomplishments

The AMOS 1.6-m aperture telescope is considered to be the finest
optical instrument of its size., This system consists of diffraction limited
optics installed on a high performance mount capable of angular accelera-
tions of 20/sec?, absolute pointing to ~ 2 to 3 arcsec and tracking to ~ 1
arcsec rms. The overall system performance throughout this range of op-
erating coRnditions has been shown to be A/16 (rms wavefront error at
A = 6328 A).

Versatility is built into the telescope in the form of two instrument
mounting surfaces (classical and side Cassegrain) and secondary mirror
drive/compurer interface hardware to allow correction in realtime for non-
infinite target ranges.

Excellent primary mirror support systems (airbag for axial and
mercury belt for radial) result in an instrument that maintains its diffrac-
tion limited performance over all relevant mount attitudes. INVAR metering
rods have been installed between the primary and secondary mirrors to min-
imize aberrations produced by changes in the ambient thermal environment,

The dome azimuth and windscreen drive system have been replaced
by systems which are identical tc those used in the 1.2-m dome. These
have proven to be highly reliable, easily maintained and have resulted in
minimizing induced vibration to the telescope during operation,

The servo control system for the mount has been upgraded, again
comparably to the 1.2-m system, and mount safety concerns have resulted
in mechanical and electronic systems being added to prevent potentially
hazardous mount orientations. A safer, faster and more versatile mount
balance system has also been added.

A new acquisition telescope system has been specified and is in the
process of being procured. It is scheduled to be installed and operational
during the first quarter of 1978,

2.2.2 Telescope Restoration

2.2.2.1 Optical Syst: ms

Detailed specifications(6) for the 1. 6-m optics had been prepared dur-
ing Phase Il and a subcontract for providing the system had been awarded to
Boller and Chivens (B&C) Division of Perkin-Elmer Corp. Figure 18 is an op-
tical schematic of the system and Table 7 shows relevant system specifications.

A careful evaluation of system requirements, based on anticipated
uses, had resulted in the specification of the 1.6-m telescope an an {/16
Cassegrain system with a 25-m focal length, f/2.8 primary mirror, and
stringent (/25 rms) requirements on system wavefront performance. Two
instrument mounting surfaces, conventional and folded (or side) Cassegrain
configurations, were to be provided thus necessitating a tertiary folding
mirror.
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TABLE 7

1.6-m TELESCOPE OPTICAL SYSTEM SPECIFICATIONS

Cassegrain System

Clear Aperture
Central Obscuration
Effective Focal Length
Backworking Distance
Intermirror Spacing
Figure Contributions to
Wavefront Error
Random Contributions to
Wavefront Error

Primary Mirror (Mounted in Cell)

Material

Clear Aperture

Focal Length

Perforation

Figure Contributions to
Wavefront Error

Random Contributions to
Wavefront Error

Aluminized and Overcoated

Reflectance

Secondary Mirror

Material
Clear Aperture
Wavefront Performance

Aluminizing/Overcoating/
Reflectance

Folding Flat Mirror and Cell

Clear Aperture

Wavefront Errors (in cell)

Aluminizing/Overcoating/
Reflectance

1.57 m (min)
36 cm (max)
25 m

87 +0.5cm
3.61 £+ 0.02 m

= )4 p-v

= )t/?.‘.'} rms

Premium Grade Cervit
1.57m +0.5¢cm, -0.0cm
4.40 +0.02 m

3040.5cm

1A

A/6 (zenith to horizon)

A/30 (zenith to horizon)
0.12 ym SiO
0.85 for 0.4 = X 0.75 um

v e IA

Premium Grade Cervit

31.5 ¢cm (min)

Mirror (in cell) does not degrade
specified Cassegrain system per-
formance

Same as primary

15.56 +0.05 cm
< A/10 p-v; <A/30 rms

Samc as primary (4 5° incidence)
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To allow system testing during fabrication and to give AMOS the
capability for on site optical testing of all its major telescope systems, a
1.6-m test flat was also to be provided with the system. The specification
for surface figure of the flat called for A/40 rms wavefront error.

The figure specifications for the mirrors, along with all-attitude
performance specifications to be discussed later, clearly required extra-
ordinary effort on the part of the B&C optician. It also mandated a con-
tinuing conscientious test effort to ensure that performance specifications
could be met. A series of inprocess tests, at each critical process step,
had been included in the B&C work statement. In the final analysis, the
tests turned out to be the most difficult milestones to achieve,

Two factors contributed to testing difficulties, First, since specifi-
cations for the optics were so stringent, usual techniques for measuring the
critical parameter were inadequate - thcy could not provide sufficient ac-
curacy. Second, test procedures had to be carefully developed and followed
or minor influences, like stratification of air in the test chamber, would
distort results. To ensure that results were meaningful, multiple tests
were required to show repeatability of the data, These measures were
taken to reduce the possibility of a problem first appearing when the system
was installed at AMOS and far removed from the point of fabrication, As a
result the test program became the most critical aspect of the system pro-
curement,

Once all the optics were figured and tested to show performance re-
quirements could be achieved, the aluminizing and SiO overcoating had to be
accomplished. This, too, presented a challenge since both maintaining figure
and providing specified coating parameters (thickness, reflectance and broad-
band performance) for optical elements as large as the 1. 6-m could not be
done by routine techniques. AERL, working with B&C and Palomar {where
the large elements were coated) personnel, generated technique improvements
which resulted in successful accomplishment of the aluminizing and SiO over-
coating.

In early 1976 Preliminary Acceptance Testing at B&C of the Casse-
grain system was completed. A review of all inprocess test results, along
with the system test results showed that all specifications had basically been
met. Principle differences were: the 1. 6-m test flat was slightly below
wavefront performance requirements (0/36 vice A/40); reflectances of the
primary and test flat were approximately 55 low at 7000 A (the secondary
was better than specified so the system met specifications); and overcoating
thickness was ot achieved on the 2 small mirrors, The telescope system,
which was the most critical, was well within specifications in all cases.
Table 8 shows optical parameter acceptance data while Table 9 shows alu-
minizing and overcoating acceptance data.

> 2 v,

2.2.2 : Mechanical/Support Systems

Along with the new optical systems, a new primary mirror cell and
support system, a acw secondary mirror cell and focus drive system, the
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TABLE 8

ACCEPTANCE DATA SUMMARY
1. 6-m OPTICAL SYSTEM

Description Regquirement

Cassegrain Optical System

Figur: Contribution to =.25Ap-v
Wavefront Error

Random Contribution to =<.04 A rms
Wavefront Error

Primary Mirror

Figure Contribution to =.167 A p-v
Wavefront Error

Random Contribution to = .033 A rms
Wavefront Error

Secondary Mirror Figure as Required

to meet system per-
formance require-

ments
Folding Flat
Reflected Wavefront Error =.10 Ap-v
Random Contributions to =< .033 XA rms
Wavefront Error
Autocollimating Flat .025 A rms
-5l

Actual

.24 X p-v

.038 A rms

.164 X\ p-v

.032 A rms

.167 A p-v
.021 A rms

.093 X p-v

.024 A rms

.028 A rms
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TABLE 9

ACCEPTANCE DATA SUMMARY

1. 6-m OPTICAL SYSTEM ALUMINIZING AND OVERCOATING

Description

1. Primary Mirror
A. Overcoat Thickness
B. Spectral Reflectance from
0.4 ym to 0.75 ym for
Unpolarized Light

C. Reflectance Data Out to
22 ym

D. Witness Samples
2. Secondary Mirror
A. Overcoat Thickness
B. Spectral Reflectance from
0.4 ymto 0.75 ym for
Unpolarized Light

C. Reflectance Data Out to
22 ym

D. Witness Samples
3. Folding Flat
A. Overcoat Thickness
B. Spectral Reflectance from
0.4 um to 0.75 pm for o
Unpolarized Light at 45

Angle of Incidence

C. Reflectance Data Out to
22 ym

D. Witness Samples

Requirement

0.12 pm

= 85%

For information
only

6 Required

0.12 uym

= 85%

For information
only

¢ Required

0.12 ym

85%

For information
only

2 Required

“52a

Actual

0.12 um

min. - 83%

max. - 90%
avg. - 87%
min, - 70%
max, - 99%

6 Furnished

0.03 ym
min. - 87%
max. - 90%
avg., - 88%
min., - 81%
max. -~ 99%

2 Furnished

0.03 ym
min, - 8B7%
max. - 90%
avg. - 88%
min. - 83%
max. - 99%

2 Furnished




tertiary mirror cell and rotating mechanism and telescope baffles were also
subcontracted to Boller and Chivens. Specifications for these items are in-
cluded in Reference 6,

The goal for these mechanical/support syetems can be summarized
as maintaining the optical elements so as not to significantly degrade their
performance when operated over the full range of relevant telescope attitudes
and rates. The overall error budget for the telescope system called for /11
total rms aberration. Since the optics were specified as 1/25 and all sources
were root-sum-squared to derive the tota! system value, contributions from
both tilt and decenter for each element had to be rigidly controlled. Table 10
shows the error budget for the system. It results from specified parameters,
calculations and expected performance based on previous experience with
similar equipments. It should be emphasized that this budget was ""worst
case' for all-attitude performance, For any attitude the system could be op-
timized and provide near to the \/25 optics value.

The requirements for primary mirror stability resulted in a rigid
weldment mirror cell containing an active pneumatic airbag axial support
system and a mercury tube radial support. (The operation of these supports
is identical to the 1. 2-m system as duscribed in Section 2.1.) The secon-
dary mirror is cell mounted (as opposed to the 1.2-m secondaries which are
hub mounted on a central post) with elastomer pads radially and behind the
mirror and spring loaded clips to retain the mirror in position.

The secondary mirror drive system is a motorized support which
provides 2 drive speeds, along with an electronic readout, to rapidly and
accurately set intermirror spacing. This is used to refocus the telescope
for noninfinite range targets., An AERL designed interface is used to auto-
matically position the mirror during any mission pass by converting the
computer-derived target range to mirror drive commands.

The tertiary mirror is cell mounted on a unique gear driven pivot
arrangement, (see Figure 19) which allows the mirror to be rotated from
a position parallel to the telescope axis and out of the returning light path
from the secondary {dotted position in Figure) to a 45° on-axis location
which diverts the beam from the secondary to the side-mounted Blanchard
surface, as shown in the Figure. (This rotating mechanism was later mo-
torized by AERL to allow remote positioning of the mirror. As supplied by
B&C the mirror was handcrank driven which limited overall flexibility in
us:ing the side Blanchard.)

All mirrors, mounted in their respective cells, were given all-attitude
testing by B&C carly in the program to ensure that the cells, as-built, weuld
meet performance requirements. (Mirrors were generally at a preliminary
figuring stage, i.e¢., spherical - before parabolizing, for this testing.)

The principle telescope baffle is mounted, along with the tertiary
mirror support, to the perforation in the primary and extends forward toward
the secondary. A short baffle is also mounted to the secondary. The speci-
fied performance for the baffle system called for a reduction of scattered
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TABLE 10

1.6-m TELESCOPE WAVEFRONT ABERRATION BUDGET

Abe-ration Source Aberration

(rms)

1. Primary Mirror A/30

‘e 2. Secondary Mirror r/45

| 3. Cassegrain System x/25
4. Primary Mirror Tilt x/76 4

5. Primary Mirror Decenter A/19

6. Secondary Mirror Tilt A/38

7. Secondary Mirror Decenter x/32

8. Tube Flexure {Tilt) r/28

9. Tube Flexure (Decenter) 2/48

Total System (RSS of 3 thru 9) A/11

NOTE: If all specifications are achieved, a Strehl factor of
0. 67 would be achieved for any telescope attitude.

e ol
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sunlight by a factor of 104 when looking within 200 of the sun. While cal-
culations show this has been met, what is more important is that under
normal viewing conditions the baffling has been proven to significantly reduce
veiling glare,

A final mechanical system was designed and built by AERL., This
was the thermal metering rods. To maintain focus in spite of changing tem-
perature conditions during a mission the intermirror spacing must be held
constant. This is accomplished in the 1. 6-m telescope by 4 Invar rods which
position the secondary support ring with respect to the primary mirror cell.
Figure 20 shows the thermal metering rods being installed, The resultant
effect for the system is that telescope defocus does not noticeably affect the
blur circle for a + 5°C temperature change for ""best seeing' conditions of
0.5 arcsec.

2.2.2.3 Acceptance Test Results

Once all systems had been delivered to AMOS and installed on the
1.6-m mount (see Figure 21), final acceptance tests were conducted. These
tests were designed to show that all equipment properly interfaced with the
mount, that all systems operated properly, and that system performance
met the established criteria,

All test results showed success in meeting or exceeding specifications,
Based on the test data, the 1, 6-m telescope system can provide diffraction
limited performance, A/16, for all relevant mount attitudes. Table 11 shows
achieved results for critical performance parameters. Table 12 shows the
resultant wavefront aberration budget for elevations greater than 159,

2.2.3 Telescope Evaluation

To verify the "diffraction limited performance' conclusion reached
from acceptance test data, a 1.6-m telescope performance evaluation pro-
gram was initiated in March 1976, Evaluation was to include optical testing
(Ronchi, Foucault and Hartmann) as well as visual, stellar and photographic
observations, ‘

2.2.3.1 Optical Testing

Ronchi testing involves observing a point source (star) through a
grating placed close to the instrument focus, The number of grating lines
over which the image extends, and hence the sensitivity of the test, is de-
termined by the location of the grating with respect to the focal plane and
the grating frequency. This test is a relatively simple way of identifying
the types of aberration present in an optical system,

Using a 200 lp/inch grating, Ronchi tests were performed frequently
throughout the evaluation program to align, or realign, the telescope in an
attempt to optimize other test results., Other than coma associated with
alignment, no system defects were observed in Ronchi testing,
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Figure 20 Invar Thermal Metering Rods During Instaliation in the 1.6-m
Telescope




Figure 21 1.6-m ’l'clcﬁcupv Fully Asseimbled
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TABLE 11

CRITICAL PERFORMANCE PARAMETERS 1. 6-m OPTICS

Parameter Specified Achieved
Cass Wavefront Error A/25 rms A/26 rms
A/4 p-v A/4 p-v

#3 Flat Wavefront Error 2/30 rms 2/40 rms
Cass System ceflectance >(0.85)% = 0.72 > (0.83) x

(0.87) =0.72
Primary Tilt (All Attitudes) +5x 10-6 rad +2.5x 10'6 rad
Primary Decenter (All Attitudes) +2 x 10°° cm 4+0.8x1072 em
Primary Axial Shift (All Attitudes) +5x 107> em +2x 103 em
qocondary Til e } +1x10"% rad 4+0.5x 10" rad
il BRIt 212107 em
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TABLE 12

1.6-m TELESCOPE ABERRATION BUDGET (ZENITH ANGLE < 750)

: Parameter Value Wavefront Aberration
Cassegrain Optics X/26 (2/25) A/26
| -

Primary Tilt +2.5x 10 6 r (X/76) 2/140

| Primary Decenter F e 10" em (A/19) x/50

!

' Secondary Tilt -5

Tube Flexure (Tilt) 2 5% 107 rad (A/25) A/50
Secondary Decenter -2

Tube Flexure Decenter 21 x10 " cm (A/25) A/25
Cassegrain System (x/11) x/16

Entries in ( ) were original predictions based on specifications
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Foucault, or knife-edge, tests ave widely used in evaluating tele-
scope quality. A sharp-edge, typically a razor blade, is used to cut across
the image of a point source at the instruments' focus. Nonuniformity of
fadeouts, as the knife cuts the image, can be attributed to various aberra-
tions by an observer who has experience or expertise with the technique,

The Foucault technique uncovered no large zonal irregularities in
the optics. A small ring, about 1/4 of the way out from the primary mirror
center, was observed. This ring, which was generated in mirror grinding,
had been identified in optics testing by B&C and found to be < A/6 p-v and
small enough to have negligible effect. Observing the ring, however, gave
confidence in the sensitivity of the Foucault testing.

Hartmann testing employs a perforated screen at the telescope en-
trance aperture, Stars, viewed through the screen, are photographed with
a Hartmann camera attached to the rear Blanchard. Four photographic
plates are exposed (typically for one to four minutes) at fixed distances ahead
of and behind best focus. By readout of the plates with an optical comparator,
spot locations can be established and input to a computer analysis program.
This data forms the basis for detailed determination of aberrations, misalign-
ment, best focus, encircled energy, wavefront deformation, etc.

Over 40 sets of Hartmann plates were taken during the evaluation,
About 1/4 of these were carried through the full reduction and analysis pro-
cess, Insufficient exposure times, wind buffeting of the telescope, mistrack,
and suspected adverse seeing conditions made many plate sets of marginal
value., Only the better quality sets were used. ‘

It is axiomatic in Hartmann testing that a 'good' telescope many only
seldom produce a good test result, however, a 'bad' telescope will never
produce a good result, It is justified then to consider the best results ob-
tained as being indicative of telescope quality (it could be even better than
measured but conditions may not permit measurements to verify the ultimate
quality). On this basis, Figure 22 which represents the best Hartmann result
obtained, is presented. This shows 80% of the energy within a diameter of

. 290 arcsec, near the theoretical limit of ~ . 2 (depending on how the limit is
calculated).

Analysis of this set of plates, set number 35, shows a residual offset
between inner and outer holes of . 078 arcsec and a separation in best focus of
. 054 inches, again for inner and outer holes. If the secondary mirror were
accurately positioned as indicated by the analysis, resulting motion (accounting
for the power of the secondary) would be about .01l inches in tilt and 300 um
axially. Were these adjustments made, the resultant blur diameter can be
calculated to be . 2 arcsec or at the theoretical limit,

2,2.3,2 Visual, Stellar and Photographic Observations

While observational testing is clearly influenced by seeing conditions
which prevail at the time of observation, it can again by recognized that the
best observations are indicative of the quality which a telescope must have or
exceed, In all cases of obscrvational data there was never an indication that
the 1.6-m telescope was other than seeing limited.
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Figure 22 Hartmann Images After Telescope Realignment
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Photographs of stellar and planetary objects are valuable to show
telescope performance in real, as opposed to test, use. Typical results
from such tests have clearly resolved a .6 arcsec double star, Figure 23,
and have shown Cassini's division in the ring of the planet Saturn, Figure 24,
! _ which is reported to be a 1/2 arcsec detail.

2.2.4 Support Systems

2.2.4.1 Dome Drive and Windscreen Control

As was the case with the 1. 2-m telescope system (see Section 2. 1),
the dome drive and windscreen systems in the 1. 6-m dome also suffered
from frequent failure, high vibration, poor maintainability and age. As a
result a new system, identical to the one installed in the 1.2-m dome, has
been incorporated into the 1. 6-m dome.

Eight new support trucks, with spring loaded 8 in. drive wheels,
were added to the dome sysiem. Each new drive wheel is provided with a
gear coupled 3 hp dc motor. The motors are controlled by a Randtrorics
{ controller which allows pendant box or dome console command of dome
position,

The windscreen drive similarly employs a gear coupled 3 hp dc
I motor operated through the Randtronics controller, Both dome azimuth

and windscreen elevation can be driven by automatic servo control as well.

2.2.4.2 Mount Control

The 1. 6-m mount servo system had been rebuilt prior to receipt of
the new telescope hardware. Thus, it was first utilized during the 1. 6-m
test and evaluation program, The new system, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>